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Spermatozoan morphology and ultrastructure of relatively few amphibian and reptilian species have been characterized using transmission and scanning electron microscopy (TEM and SEM, respectively); much of the literature dealing with sperm structure has been summarized in Barker and Raker (19701, Furieri (1970) , Wortham et al. (19821, Rastogi et al. (19881, Hess et al. (1991) , Phillips and Asa (19911, van der Horst et al. (1991) , Healy and Jamieson (1992) , Newton and Trauth (1992) , and Jamieson et al. (1993) . While these techniques permit detailed analyses of internal and externai spirm morphology, electron microscopy (EM) cannot be used to examine living sperm. In addition, artifacts introduced during fixation and dehydration may result in cell shrinkage or sperm demembranation. More importantly, using TEM for morphometric characterization often restricts the number of measurements to selected profiles of individual sperm. Analysis based on SEM may allow for measurements of numerous sperm; however, the preparatory processes are known to introduce artifacts (Newton and Trauth, 1992) . This makes evaluation of variabilitv within an individual or vovulation cumber-1 1 some and generally limits any extensive analysis of intra-and interpopulational differences in sperm morphology. Fluorescence microscopy (FM) allows for the introduction of fluorophores into living sperm so that the morphology of living cells can be analyzed (e.g., Gist et al., 1992) . Moreover, FM facilitates the inspection of large numbers of sperm from a single individual; iridis. Notice sets of mitherefore, conspecific differenc yes can be
sessed.
The present study was underta~en co investigate the applicability of FM techniques in resolving sperm morphology in the prairie racerunner, Cnemidophorus sexlineatus viridis, a wide-ranging, North American whiptail lizard. The spermatozoan of this lizard has been previously studied using EM techniques (Newton and Trauth, 1992) . Studies addressing intraspecific morphometric variation in sperm morphology in this species as well as other saurians are lacking.
We examined sperm of 13 adult C. s, viridis collected during the summers of 1994 and 1995 from selected geographic regions throughout the state of Arkansas. Only two of the specimens were taken from a single population. The others were from physiographicallyisolated localities within the Ozark (lizards 1,2,6, and 7) and Ouachita Mountains (lizards 3, 4, and 5) of the Interior Highlands ecoregion (Trauth, 1983) ; the others (lizards 8-13) were obtained from Crowley's Ridge of eastern Arkansas. Lizards were sacrificed by an intraperitoneal injection of a dilute solution of sodium pentobarbitol. Spermatozoa from each animal were isolated bv removal from either the vasa deferentia or the testes; in either case only elongated, motile sperm (i.e., those fully extended and lacking a cytoplasmic residuum) were selected for analyses. Tissues were macerated, and 10 p1 of the resulting fluid was diluted with 40 ~1 of a reptilian ringers solution containing 0.11 M NaCl, 0.006 M KCL, and 0.002 M CaCl,. Mitotracker@, a mitochondrion-selective tetramethylrosamine derivative (Molecular Probes, Eugene, Oregon), was utilized. Mitotracker fades slowly and, like other tetramethvlrosamine derivatives. accumulates in membrane-bound cellular compartments in response to the potential difference across the plasma membrane. Thus, in living cells Mitotracker preferentially accumulates in active mitochondria (e.g., Yamamoto et al., 1995) . In this investigation, a concentration of 0.17 pg/p1 of this dye was selected. At this concentration bleaching of the dye was slow enough to allow images of a number of sperm to be collected for analysis. Moreover, this concentration was sufficient to cause the nuclear portion of sperm heads (nuclei) to fluoresce. Only li;ing sperm whose head and midpiece were both fluorescent were analyzed. Small droplets (approximately 2 p1) of stained material were placed on glass microscope slides beneath number one coversli fluoresc
ps and ins1 ent micro& 3ected using a Zeiss axiophot epi-:ope. Slides of stained sperm were examineu using rnodamine filters.
Microscopic images were recorded using a Pulnix TM745E (Sunnyvale, California) black and white video camera. The outvut from this camera was amplified to improve the resolution and contrast of the stained sperm. The output from this amplifier was either recorded usine a Panasonic 1970AG VCR or was " digitized and stored for later analysis. Conversion from analog to digital images was accomplished with a Data Translation Quick Capture (Marlboro, Massachusetts) frame grabber board. Digital images were stored on the hard disk of a Macintosh Centris 650 versonal computer or on magneto-optical disks. These images were then analyzed using Image (National Institutes of Health) software. The measurement system was calibrated by using digitized images of a hemocvtometer slide imaged under conditions identical to " those used to observe stained sperm. Using these techniques, the lengths of the nucleus and midpiece of indi;idual sperm were measured. statistical analyses were done with the Statistical Analysis Systems (SAS Institute, Inc., 1982) . Collection site comparisons were made using the General Linear Models (GLM) procedure; Tukey's Studentized Range Test was employed to determine differences between means of sperm collected from individuals (alpha level = 0.05).
Digital images of fluorescent sperm of C. sexlineatus are shown in Figs. 1 and 2 . This imaging technique easily allowed the heads to be distinguished from the midpieces. Although little structural detail was visible within the head, the sets of mitochondria of the midpiece were clearly visible (see also Newton and Trauth, 1992) . Usually five sets of mitochondria are interspersed between ring structures within the midpiece (Figs. 2A, 3) . Linear dimensions of the head (nucleus) and the midpiece are shown in Table 1 . Our analysis revealed one abnormal male (number 5) which exhibited biflagellate sperm (Fig. 2B) and sperm without heads. This unusual male possessed sperm whose average nuclear length was around 40% greater than the grand mean nuclear length (9.45 pm) of all other samples. Comparisons of the greatly enlarged nuclei of the abnormal sperm to the other samples resulted in highly significant variation ( P < 0.0001); however, we also found significant differences when comparing nuclei of normalsperm among indi- samples. The largest average nuclear length (again, exclusive of number 5) was from a specimen collected in the Ozark Mountains, whereas the smallest was I from a lizard collected on Crowley's Ridge. Surprisingly, the midpiece length of number 5 fell within the range of lengths exhibited by the rest of the samples. Yet, comparisons between numbers 7, 9, and 10 varied significantly ( P < 0.05) when compared to number 2 which exhibited the largest average midpiece length. No significant differences (P > 0.05) were evident when the rest of the samples were compared to one another (using midpiece lengths). As was the case with nuclear lengths, the smallest average midpiece length was observed in a specimen (number 9) from Crowley's Ridge.
In conclusion, our results clearly demonstrate that FM can be a useful tool when examining large numbers of sperm. Two important diagnostic features of sperm structure, namely nuclear length and midpiece composition, can be evaluated using Mitotracker, a mitochondrion-selective dye. Moreover, significant morphometric variation in sperm morphology can be revealed with this imaging technique. The variable structure of motile sperm from an individual lizard could depend upon the anatomical region from which sperm were extracted (i.e., from either the testes or the vasa deferentia); however, we have no data to support any speculation as to the relevance of the individual nuclear lengl t SEM) variation in sperm traits observed in the present study. Sperm morphology and size have taxonomic and phylogenetic applications in other vertebrate groups (e.g., Tamieson. 1991; Roldan et al.. 1991) . In the future we plan to examine additional saurian taxa and incorporate greater numbers of specimens into our samples. These kinds of investigations will hopefully expose trends that should make easier interpretation of localized and geographic variation in sperm structure.
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